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Inspired by the recent diboson excess observed at the LHC and possible interpretation within a 
TeV-scale Left-Right symmetric framework, we explore its implications for low-energy experiments 
searching for lepton number and flavor violation. Assuming a simple Type-II seesaw mechanism for 
neutrino masses, we show that for the right-handed (RH) gauge boson mass and coupling values 
required to explain the LHC anomalies, the RH contribution to the lepton number violating process 
of neutrinoless double beta decay (Oofip) is already constrained by current experiments for relatively 
low-mass (MeV-GeV) RH neutrinos. The future ton-scale Oi^/3/3 experiments could probe most of 
the remaining parameter space, irrespective of the neutrino mass hierarchy and uncertainties in the 
oscillation parameters and nuclear matrix elements. On the other hand, the RH contribution to the 
lepton flavor violating process of /r —^ eq is constrained for relatively heavier (TeV) RH neutrinos, 
thus providing a complementary probe of the model. Finally, a measurement of the absolute light 
neutrino mass scale from future precision cosmology could make this scenario completely testable. 


Introduction- A number of recent resonance searches 
with the y/s = 8 TeV LHC data have observed ex¬ 
cess events around an invariant mass of 2 TeV. The 
most conspicuous one is a 3.4tT local excess in the AT¬ 
LAS search [T] for a heavy resonance decaying into a 
pair of Standard Model (SM) gauge bosons VV (with 
V = W,Z), followed by the hadronic decay of the dibo¬ 
son system. The corresponding CMS search also reports 
a mild excess around the same mass [5]. In addition, the 
CMS searches have reported a 2.2a excess in the WH 
channel {H being the SM Higgs boson) [3], a 2.1cr excess 
in the dijet channel |4j and a 2.8cr excess in the eejj chan¬ 
nel [5], all around the same invariant mass of 2 TeV. Of 
course, these excesses should be thoroughly scrutinized 
in light of possible subtleties in the analysis [3] and must 
be confirmed with more statistics at the LHC run H be¬ 
fore a firm conclusion on their origin could be deduced. 
Nevertheless, given the lucrative possibility that it could 
easily be the first glimpse of new physics at the LHC, 
it seems worthwhile to speculate on some well-motivated 
beyond SM interpretations. 

One class of models that could simultaneously explain 
all these anomalies is the Left-Right Symmetric Model 
(LRSM) of weak interactions based on the gauge group 
SU(2)l X SU{2)ji X U{\)b-l [Z], with the right-handed 
(RH) charged gauge boson mass ~ 2 TeV and the 
SU{2)fi gauge coupling strength gji ~ 0.5 at the TeV- 
scale BM- The main objective of this paper is to study 
the implications of this scenario for various low-energy 
experiments searching for lepton number violation (LNV) 
and lepton flavor violation (LFV), which are complemen¬ 
tary to the direct searches at the LHC. 

For concreteness, we work in the Type-H seesaw m 


dominance, where the hitherto unknown RH neutrino 
mixing matrix and mass hierarchy can be directly related 
to the light neutrino sector. This scenario is known to 
give potentially sizable contributions to the low-energy 
LNV and LFV observables [mill], apart from its novel 
LNV signatures at the LHC [131 HU • We show that for 
the RH gauge boson mass and coupling values required 
to explain the LHC anomalies as indicated above, the 
LRSM parameter space for the RH neutrinos is already 
constrained by neutrinoless double beta decay {QvjSfi) 
experiments for relatively low (MeV-GeV) RH-neutrino 
masses, whereas the heavier (TeV) RH-neutrino masses 
are constrained by the searches for LFV processes, such 
as /i —>■ ey. Most of the remaining parameter space could 
be accessible in the next-generation Oj^/ 3/3 and LFV ex¬ 
periments at the intensity frontier. We derive a novel 
correlation between the QvfijS and /i —^ ey rates, which 
clearly illustrates the testability of this scenario. We fur¬ 
ther show that future information on the absolute light 
neutrino mass scale from precision cosmology could make 
it even more predictive, irrespective of the neutrino mass 
hierarchy and uncertainties in the neutrino oscillation pa¬ 
rameters or nuclear matrix elements (NMEs). 

Overview of the Model- Denoting Q = {u d)^ and 
if = (yi lY the quark and lepton doublets respec¬ 
tively, Ql and are doublets under SU{2)l, while Qr 
and tpn are SU{2)r doublets. The minimal Higgs sector 
of the model consists of an SU(2)b x SU{2)r bidoublet 
$ and 5'?7(2)i(^)-triplets ^l(r)- The generic Yukawa 
Lagrangian of the model is given by 

Cy = hqQ^^Qn -P hqQj^^Qu -j- -P 

+ + fRtpR^Ri’R + ii-C., ( 1 ) 
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where C stands for charge conjugation and = T 2 ^*T 2 
(t 2 being the second Pauli matrix). After electroweak 
symmetry breaking by the bidoublet vacuum expecta¬ 
tion value (VEV) (<&) = diag(«;, k'), Eq. § leads to the 
Dirac mass matrix for neutrinos: Mu = hiK + hin'. The 
triplet VEVs (A° = vl,r lead to the Majorana neu¬ 

trino mass terms uil = JlVl and Mr = fRVR. In the 
seesaw approximation, the light neutrino mass matrix 

M, rriL- MuM-^Ml , ( 2 ) 


where the first (second) term on the right-hand side is 
the Type-II (Type-I) seesaw contribution. An appeal¬ 
ing case is when the Type-II contribution dominates in 
Eq.©, SO that the smallness of the light neutrino masses 
is guaranteed by the smallness of vl oc /vu (where 
V = yjR? + is the electroweak VEV), independent 

of the Dirac mass matrix. Moreover, an exact P (or 
C) symmetry implies /l = Jr (or /l = /^), so that 
the light and heavy neutrino mass matrices are propor¬ 
tional to each other, which makes it a very predictive sce¬ 
nario for LNV and LEV observables [mill]. Although 
in our case with gu < an exact P (or C) symme¬ 
try may not be realized down to the TeV scale, we will 
still work with the simple choice Jr = /r, and therefore, 
Ml, = {vl/vr)Mr. Setting Mw^ ^ 2 TeV and gR ~ 0.5, 
as required to explain the LHC diboson and dijet anoma¬ 
lies Eiini, also fixes the SU{2)r breaking scale ~ 6 
TeV. Note that for purely Majorana RH neutrinos as in 
the minimal LRSM, it is difficult to fit the CMS eejj 
excess |5|, which requires a suppression of the same-sign 
dielectron signal and the absence of an ejj peak. For 
possible alternatives, see e.g. PIIMIII- 

Neutrinoless Double Beta Decay- In the LRSM, 
there are several new contributions to the Oiz/3/3 ampli¬ 
tude [18j . apart from the canonical light neutrino ex¬ 
change diagram. However, in the Type-II seesaw domi¬ 
nance, all the mixed LH-RH contributions are negligible, 
whereas the scalar triplet contribution can also be ne¬ 
glected for Mu/Ma ^0.1 [TTjj which is assumed here. 
Thus, we are only left with the purely LH- and RH- 
contributions to the Ovfip half-life: 
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where Gq^, is the phase space factor, g^ is the nucleon 
axial-vector coupling constant, nie is the electron mass, 
All/,TV are the NMEs and are the effective neutrino 
masses corresponding to light and heavy neutrino ex¬ 
change, respectively. For the light neutrino exchange, 
m^g = G being the PMNS mixing matrix 

which diagonalizes the light neutrino mass matrix M^, 
with eigenvalues rrn. Using the standard parametriza- 
tion for U in terms of three mixing angles 9ij , one Dirac 
CP phase S and two Majorana CP phases 0 : 2 , 3 , we get 

rriee = toiCi 2 C? 3 -bm 2 Si 2 Ci 3 e^*“=-bm3Sl3e^*“^ (4) 


where Cij = cosOij and Sij = sinOij (for i, j = 1, 2, 3). 
For the heavy neutrino exchange due to RH current, 
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where \p^\ = niempMN/Mlv ^ (100 MeV)^ denotes the 
typical momentum exchange, nip is the proton mass, and 
Vej are the elements of the first row of the unitary ma¬ 
trix diagonalizing the RH neutrino mass matrix Mr with 
eigenvalues Mj. Since m^ (x Mi in the Type-II domi¬ 
nance, for normal hierarchy (NH), M 3 will be the largest 
(henceforth denoted as M>), and we can express the 
other two RH neutrino masses as Mi = (mi/m 3 )M> 
and M 2 = (m 2 /m 3 )M>. Similarly, for inverted hier¬ 
archy (IH), M 2 will be the largest and we can write 
Ml = (mi/m 2 )M> and M 3 = {m^/m 2 )M^. 

For the numerical analysis, we consider three relevant 
isotopes, namely, ^®Ge, ^^®Xe and ^^°Te (see e.g. [ 12 ] for 
the status of experiments with other isotopes), and com¬ 
pare the LRSM predictions for the half-life with the cor¬ 
responding current experimental limits and future sensi¬ 
tivities. For the phase space factors and NMEs, we use 
the SRQRPA calculations with gA = 1.25 from [20]. Our 
results are shown in Fig. as a function of the sum of 
light neutrino masses for an illustrative value of M> = 1 
TeV. In each case, we show the LRSM predictions (LR) 
for both NH and IH, and the corresponding light neu¬ 
trino contributions alone (Std) for comparison. The kink 
in the LR contribution is due to a cancellation in the 
OuPP amplitude when the lightest neutrino mass becomes 
very small: Slightest ^ 1 /reV. Here we have used the 
3(7 allowed ranges of the neutrino mass and mixing pa¬ 
rameters from a recent global fit [ 2 T] and have varied 
the Majorana phases 02,3 € [ 0 , 7 r]. The lower horizon¬ 
tal lines show the current 90% CL limits on the half- 
life from CERDA combined with Heidelberg-Moscow and 
ICEX for ^®Ce [32], KamLAND-Zen for ^^®Xe [33] (see 
also EXO-200 [^), and Cuore-0 combined with Cuori- 
cino for ^^°Te [25]. The projected limits from CERDA 
phase-H [33] as well as the planned ton-scale experi¬ 
ments such as MAJORANA-hCERDA [37], nEXO [33], 
and CUPID [32] are shown by the upper horizontal lines. 
The rightmost vertical line in each plot represents the fu¬ 
ture 90% CL sensitivity of KATRIN [30] for the absolute 
neutrino mass scale, whereas the other two vertical lines 
show the best 95% CL limit on the sum of light neutrino 
masses from Planck data [31] and a projected 95% CL 
limit from Planck-l-Euclid [32j . 

From Fig. it is evident that the future sensitivity 
reach of the ton-scale 0z//3/3 experiments can completely 
probe this LRSM benchmark point, irrespective of the 
neutrino mass hierarchy and uncertainties due to oscilla¬ 
tion parameters and NMEs, except for the cancellation 
region in the NH case. This can be further constrained 
by the cosmological limit on the sum of light neutrino 
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FIG. 1. The OvfiP half-life predictions as a function of the sum of light neutrino masses for different isotopes in our LRSM 
scenario with the largest RH neutrino mass M> = 1 TeV for both NH and IH. For comparison, the canonical light neutrino 
contributions (Std) are also shown. The current 90% CL experimental limits | 22l 1231125| and future sensitivities | 26H29| are 
shown for each isotope (horizontal lines). The vertical lines (from right to left) show the future 90% CL limit from KATRIN |30 |. 
current 95% CL limit from Planck [31] and future 95% CL limit from Planck-I-Euclid |32 |. 


masses [33l [34]. In particular, the precision cosmology 
with the future Euclid project could provide an indirect 
measure of the absolute neutrino mass, thus possibly rul¬ 
ing out the cancellation region and enabling more defini¬ 
tive model predictions for Qvj3j3. 

The variation of the Oiz/3/3 half-life predictions in our 
LRSM scenario with respect to the heavy neutrino mass 
parameter is examined in Fig. for both NH and 
IH. For illustration, we have only shown the results for 
^®Ge isotope and have varied the lightest neutrino mass 
between 10“®-! eV. Note that in the NH case, there al¬ 
ways exists a cancellation region for the LR contribution 
by itself, which shifts to smaller mughtest values as we 
increase the RH neutrino mass scale M>. This is rem¬ 
iniscent of the NH cancellation region for the canonical 
light neutrino contribution alone, which occurs between 
^lightest = 1-10 meV. On the other hand, for the IH 
case, the cancellation in the LR contribution occurs only 
when at least one of the RH neutrino masses is above 
Ip^I ^ (100 MeV)^, in contrast with the light neutrino 
case, where there is no cancellation for IH. We do not 
show the results for mughtest < 1 because in the 

Type-H seesaw dominance, this will imply the lightest 
RH neutrino mass close to eV (for some of the bench¬ 
mark values of M> shown in Fig. [^, which is already 
disfavored by cosmology m- From Fig. we find that 
the M> = 100 MeV IH case is already ruled out by 
GERDA phase-I |22], and in the NH case, only the can¬ 
cellation region survives. For higher values with both 
NH and IH, part of the parameter space is already ruled 
out by GERDA, and the remaining can be probed in fu¬ 
ture [Ml HD, except the cancellation regions. Further in¬ 
formation on the absolute light neutrino mass scale could 
in principle eliminate these cancellation regions. 

Lepton Flavor Violation- There exist several Feyn¬ 
man diagrams contributing to the LFV observables such 
as £ —)■ £' 7 , £ —)■ 3£' and p — e conversion. Focusing on 


the most promising LFV process /i —?> ey, the purely RH 
contribution to the branching ratio is given by 


v> / ^ 3a, 

Br(p ^ ey) ~ — 
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where agm = e^/ 47 r is the electromagnetic coupling con¬ 
stant, Xi = {Mi/Mwn)'^ and the loop-function 


G^{x) 


2x^ + 5a;^ — x 3x^ , 

- 4(1<'> 


which approaches the constant value of 1/2 in the limit 
a: 1. Note that the SM contribution to Br(/i —>• ey) 

due to light neutrino exchange is extremely small ^ 
10“®® [35], and furthermore, the other LH, mixed and 
scalar contributions can be neglected in our LRSM sce¬ 
nario under the assumptions stated before. 

Our predictions for Br(p, —>■ ey) from Eq. ([^ are 
shown in Fig. for both NH and IH with three bench¬ 
mark values of M>, where the band in each case is due 
to the 3cr uncertainties in the neutrino oscillation pa¬ 
rameters. The horizontal shaded region is ruled out at 
90% GL by the MEG experiment [M] , while the horizon¬ 
tal dashed and dotted lines show the MEG-H m and 
PRISM/PRIME [Ml sensitivities, respectively. It is evi¬ 
dent that the /r —> ey searches could be more effective in 
probing the relatively heavier M> values, as compared to 
the 0^/3/3 searches. Also note that the Planck upper limit 
on the lightest neutrino mass effectively puts a lower limit 
on the /X —>■ ey branching ratio in the quasi-degenerate 
(QD) region; for instance, for M> = 1 TeV, this lower 
limit is (0.5 - 1.9) [(0.5 - 1.7)] x 10“i4 for NH [IH], as 
shown in Fig. However, for NH with > 1, 

there is a destructive interference between the two heavi¬ 
est neutrino contributions for certain values of the Dirac 
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FIG. 2. The Oi^/3/3 half-life of ^®Ge as a function of the lightest neutrino mass for various values of M> 


in our LRSM scenario. 



FIG. 3. Branching ratio of /r 67 as a function of the lightest FIG. 4. Correlation between QvPP and /r —>■ 67 in our LRSM 

neutrino mass in our LRSM with different values of M>. scenario for M> = 1 TeV. 


CP phase, which leads to a cancellation region, unless 
the third RH neutrino contribution is sizable, as demon¬ 
strated in Fig. for M> = 9 TeV. On the other hand, 
smaller values lead to a suppression in the /i —>■ 07 
rate, pushing it well below the future sensitivity even for 
M> = 100 GeV, which is however accessible to Qvjpp ex¬ 
periments. Thus, a combination of the low-energy probes 
of LNV and LFV is crucial to probe effectively the en¬ 
tire LRSM parameter space in our case. This is comple¬ 
mentary to the direct searches at the LHC laisn], which 
can probe RH neutrino masses from about 100 GeV upto 
< Mwr HO] using the same-sign dilepton plus dijet chan¬ 
nel [ 13 ]. Similarly, the GeV-scale RH neutrinos can also 
be searched for in the proposed SHiP experiment |41) . 

Correlation between LNV and LFV- The syner¬ 
gistic aspects of the low-energy LNV and LFV searches 
is further illustrated in Fig. via a correlation between 
the Oi'PP half-life of ^®Ge and /r —>■ ey branching ratio 
in our LRSM setup. This plot is obtained for a typical 
value of M> = 1 TeV, while the scattered points are due 
to the 3cr variation of the oscillation parameters and the 
NME uncertainties. The upper horizontal shaded area 
is ruled out by the MEG experiment [S^, whereas the 
vertical shaded area is excluded by GERDA phase-I [52] . 
The lower horizontal shaded area corresponds to QD light 
neutrino masses, which is disfavored by Planck m , as 


also shown in Fig. by the vertical shaded area. All the 
remaining region can in principle be probed by a com¬ 
bination of the future 0^/3/3 and LFV experiments, as 
shown by the dashed/dotted lines in Fig. 

Conclusion- We have explored the low-energy im¬ 
plications of the recent diboson excess observed at the 
LHG in the context of a TeV-scale Left-Right Symmet¬ 
ric model with Type-H seesaw dominance. In particular, 
we analyze the predictions for 0^/3/3 and /i —>■ ey, and 
show that a combination of these experiments at the in¬ 
tensity frontier can effectively probe most of the hitherto 
unknown RH neutrino parameter space of this LRSM 
scenario. We find that the RH neutrinos with relatively 
low mass (MeV-GeV) are already ruled out from the 
existing bound on OrPP, apart from some cancellation 
regions, whereas the future ton-scale Qrjpp experiments 
could probe most of the remaining parameter space of 
this model. On the other hand, the TeV-scale RH neu¬ 
trinos in this scenario are constrained by the MEG limits 
on p, —>■ ey decay rate. The synergistic aspects of the fu¬ 
ture LNV and LFV experiments at the intensity frontier 
is demonstrated by a novel correlation between the Oj^/ 3/3 
half-life and the /i —>■ ey branching ratio. Finally, a mea¬ 
surement of the absolute neutrino mass scale from future 
precision cosmology could render the model predictions 
for LNV and LFV more definitive. 
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